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VTT IN BRIEF 2007

2780 employees 9 Key Customer Sectors:
217 M€ wrnover 2006 Biotechnology, pharmaceutical and food
industries
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FOCUS AREAS OF FRONT END RESEARCH
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Nanomaterials research at VT T
Mission and vision

Global leader in the integration and
Implementation of nano and functional material
science to industrial applications




Materials research at VTT - In brief

ﬁaterials research has a very strong role in the technical research at VT'\

Estimated volume in 2006: 300 — 350 man years
Estimated turnover in 2006: 30 - 40 M€

Total volume covers over 10% of VTT' s research activities
Covers all customer sectors

Main focus is on nano- and functional materials research is in the
following application areas:

Printed intelligence

Functional fibre-based materials and packaging
Food and Biotechnology

Functional coatings and surfaces

Nanomaterials in energy technology
Nanocompounds




Nanomaterials in surfaces and coatings

Development of nano structured powders for Sol-gel nanocoatings from soil-repellency to
coatings and components extreme conditions

Functionality to concrete and machinery products
by coating technology
from self-cleaning to advanced tribology




Nano-structured coatings and components

e Nano-structured ceramic composite structure can

* Modification of the material properties of improve the mechanical properties of coatings designed

coatings and components by novel nano- for exireme conditions
structures. « Dense HVOF sprayed ceramic coatings
» Development of nano-powders for further « Fracture toughness
processing of components and coatings is * Anti-corrosion

of main interest

Developed powder structure

* agglomerate size 5-22 um
 alumina crystal size < 200nm
« alloyed nanoparticle size < 50

nm
Thermal
spray,
HVOF-
process
optimisation

Better roll coatings Reliability of valves l

Dense
coating

Increased ballistic properties 7
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Sol-gel nanocoatings in surface modifications

» The sol-gel technique involves

 evolution of inorganic
nanoscale networks in a
continuous liquid phase through
the formation of colloidal
suspension and the following
gelation of the sol

« Controlled hydrolysis and
condensation reactions are the
keys for the formation of the
sol-gel matrix

» A wide range of materials can be
coated with sol-gel technique; e.g.
metallic, ceramic, polymeric or even
organic materials like wood, paper

and fibres. . : :
» Hybride nanocomposite coatings

 thin coatings: nano scale - 10 ym
» transparency/hiding power
» density and/or controlled porosity




Sol-gel nanocoatings in targeted surface modification

» Special functional properties
obtained by sol-gel coatings
include:

Anti-fouling and improved

200

cleanability

abrasion and scratch § w0

resistance o s B
barrier properties and . | i
moisture control, modification e T e T

of surface free energy
corrosion protection
bioactivity

Cleanability of oleic acid from nanocoated stainless steel

Water droplets on hydrophobic wood surface WT




Droplets on coated and uncoated
ceramic tiles
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Light activated TiO, for concrete surfaces

» Nanocrystalline photo-active TiO2
* Light will free chemical radicals that react
» Takes care of impurities like:

* greases, oil, small particulates and bacteria

» Photo-catalysis based reaction
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Nanocounpounds

» Aspects related to nanoparticle enhanced polymer matrixe S.

Possibility to combine commercial materials and still to find new advanced
properties and functionalities

Functionalization of nanoparticles broadens their potential field of use and
strongly affects the properties in polymer compounds

Good dispersion of nanoparticles in polymer matrix requires thourough
knowlegde of the material chemistry and special processing machinery

Nanocompunds can have highly improved electrical, mechanical, optical and
thermal properties

VTT developes new polymer nanocompounds for industrial application ares like:
Printed intelligence, electronics packaging, high-voltage insulators, sensor and
actuators.

§ VITr
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CARBON NANOTUBE-CONDUCTIVE
POLYMER HYBRID MATERIALS

4 N

® Uncoated carbon nanotubes on top and

two different polyaniline coated carbon
Nanotube hybrid materias.

Carbon nanotubes coated with inherently conductive
polymers by chemical polymerisation methods offer new
opportunities for tailoring material electrical properties. With
proper mixing and suitable matrix materials these new
materials have enhanced properties due to high aspect ratio
and electron transfer ability.

Research topics and applications:

» Conductive thermoplastic materials
Different applications in ESD- and EMI-shielding area. Electronic
packaging, automotive industry, materials in explosion sensitive
places. Plastic materials with conductivity of >20 S/cm from standard
polyolefins can be prepared.

* Polymer inks for printable electronics

* Electron transfer material in electrodes

» Sensors and actuators

* Electrolytic energy storage
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Electromechanical films

* Cellular electromechanical films are a Finnish
innovation

* Thermally more durable cellular
electromechanical films have been developed at
VTT bymixing POSS (polyhedral oligomeric
silsesquioxane) nanofillers with cycloolefin
copolymers.

* Thermal stability of the force or pressure
sensitive material was achieved up to 110C.
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Stretchable electrodes

» High electric fields are also used in
elastic electroactive polymer
applications. These actuators require
submicron elastic electrodes, which
can only be developed with a
combination of various nanosized
elastic and electrically conductive
particles

» Water dispersion of Pani and EVA
have been used for making stretchable
electrodes for two EAP elastomer
actuator demostrations

» Stretchable electrodes can be used in >

responsive human-machine interfaces
or in elastomeric robot muscles
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DIELECTRIC ELASTOMER EAP ACTUATORS

* New EAP actuator
concepts including
nanomodified PPy implant
actuators

e Simple polymer robotics
» Operation based on
charging a polymer film
capacitor electrostatically
--> low power consuption
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Exploitation of nanotechnology in food processing &
packaging

Enzymatic flavour design
Feasible biocatalysts Enzymat.lc? str.uctu re
modification
Enzymatic, disposable
powers sources

Enzymatic
modification of protein
film nanostructures

Self-assembled

monolayers -
Freshness sensor & indicators

VITr
A
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Chemo-enzymatic functionalisation of fiore materials for
e.g. intelligent and active packaging solutions

 Lignin-rich fibres as a target . FUNCTIONAL
: GROUP
 Method based on enzymatic X
activation of fiore material
combined with chemo-enzymatic ®
bonding of a functional group
targeted bonding of new
) . FIBRE
functionality
reta_ining of fibre technical @ = Reactive site on the functional group
properties & = Reactive site on the fibre
* Functional properties added to -
fibres: - —&— Reference
e —&— Enz+Functional group
e charge =
 hydrofobicity g
e conductivity G
* traceability ; - - - -
Time (s) pr
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Visual, package integrated indicators for food quality &
safety

Nanotechnology in
intelligent
packaging
enanoparticle based
intelligent inks Pathogens
ereactive nanolayers
eanalyte recognition

In nanoscale
— Freshness

reaction

Temperature

Safety
requirements Integrity
* non-toxic &
compatible with food
contact legislation

* reliability of output
» waste legislation

Humidity

VITr
A
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Case: Raflatac® Pro Label —a visual freshness indicator for poultry

* nanolayer of silver reacts with
hydrogen sulphide and forms silver
sulphide

« avisually detectable colour change
from opaque light brown to transparent

Smolander et al. (2004) W0O2004102185

esensitivity of the indicator can
be tailored by modifying the

silver layer
H,S Ind 1 Ind 2

0
1.6 gl

3.2 gl

16 gl
32 dll

80 gl WVIr

20




Printable, enzyme based power sources

of enzymes
in collaboration

Conducting
Development inks (polymers,
< & application carbon

nanotubes

Micro-
electronics

Printing
technology

Fuel cells

. )\
WIth (" el sinki University

|-

of Technology

Abo Akademi Oxidize I
substrate E ectronf
™~
FDH’ MDH> I
H
|

Substrate

)

— | ——]—

lectror]

(@)
2| o

rinted laccase
based
ower source

Confocal mircs copy magescardboard (et fiter paper(ight) (sugar or alcohol) Anode Membrane Cathode
Feasible oy l
. AClUve acstaple
biocatalysts . ) L 4n Iaccajrie Series
PINVEFSY production

100

0 50 100

Time (h)




THANK YOU |




